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ABSTRACT 


Clutter which degrades the probability of target 
d tection perfor ance of a radar is a term used to denote 
the composite echoes from unwanted targets illuminated by 
the radar beam Clutter return unlike additive thermal 
noise depend on rodar s own transmission Therefore mere 
increase m the transmitted po ;er without a suitably chos n 
signalling waveform does not necessarily re ult m improved 
target detection performance Con iderations of optimum wave- 
fora and receiver designs presume a knowledge of the statis 
tical de onption of clutter returns Specifications of the 
scattering fun tion which provides a measure of the distn 
bution of clutter power m d lay and doppler variables is 
often considered adequate 

This thesis deals with the evaluation of the cattering 
function for two models of clutt r In the first the sea 
tterers are mod 11 d as random rotating dipoles with an overall 
drift velocity and diff rcntial velocities An expression for 
the oatterm 0 function is d rived by calculating the voltage 
refl otion coefficients of an en embl of dipoles with non 
homogeneous Pois on distribution An attempt has be n m^de 
to gen rate a few scattering functions which compare favourably 
with some of the reported experimental results 



In the second approach clutter targets are modelled 
as a collection of ellip oidal scatt rers The ellipsoids 
are assumed to flu tuat in size and 1 o about their 
mein positions As an illustration an expression for the 
sc tteung fanction 1 obt lined for a rel itively simple 
geometry nd aspe t angle flu tuations 
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CHAPTER I 


IlITROBUOTIOU 

flutter is a term used to denote the echoes from unwanted 
ra3 ir targets lllaminated by the radar beam Targets are 
classifi d as clutter m relation to the application of the 
radar Unlike thermal noise clutter returns are due to 
radar s nun transmit ion Therefore increasing the signal 
po ;er al ne without choosm^ a suitable transmitting ■waveform 
does not improve tte target detection performance Tor de 
igning the transmitting waveform and the optimum radar 
receiver to operate effectively in the rresence of clutter 
it is necessary to dev el ope a theoretical model of lutter 

The oharacteri tic that is often choosen to describe the 
echo signal f^om extended clutter is the scattering cross 
section per unit intercepted area cr° which is independent 
of the ize of the clutter patch lllumnited This parameter 
depends on the sp cifi features of the clutter producing 
targets such as surface roughness diolc trie constant number 
of scattcrers and the tinsmitting frequency But the static 
cross-section a 0 is inadequate to characterize tn time 
varying st vtistical nature of the clutter returns fiom extended 
fluctuating targets A second order description of the clutter 
return is provided by the atttnn^ function a sociated with 
the target along with the envelope of the transmitted waveform 
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The scattering function c haracten ation of clutter which 
provides a measure of the distribution of lutter po\ cr in 
delay and doppler variables is often considered adequate for 
designing the transmitted lav form and the ontinun r culver 

1 1 DEritflTICW OF THE ^n^TERIfG FUNf T IOff 

An extended target may be modelled as a random linear 
time-varying filter and the echo return from such targ t 
is then given as the output of the flit r whose mini is the 
waveform transmitted by the radar The complex envelopp of 
the clutter returns can be written as 

OO 

s (t) = s f(t X)b((t i) x) ax (11) 
r co £ ~ 

where f(t X) is the complex envelope of the transmitt d 
signal b(t X) dX l the return from the targ t located 

within the range interval (x X + dX ) when an unit mp il 
is transmitted at (t X) nd is the round trip delay tine 

The correlation function of the received signal ssumin* 7 
S (t ) has zero mean is giv n by 

K~(t a tg) = M || ?(t a X) f’ttg X) D(t \ X ) 

S r 00 X 

b*(t - *r* X^ ) d X d Aj } (12) 

Assuming that the returns from different interval a statis- 
tically independent and the b (t X) is a tationary random pioc s 
eqn (1 9 ) reduces to 

(t a tp) - J f(t a x) K M (t a - t $ X) X) dX (13) 

r oo 
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The scattering fun tion S^ R (f x) is defined as 

“3 2 TT f T 

S DR (f x) X) e dx (14) 

03 

where (t a tg ) ~ t 
H ence 

c s (t a tp) X) S (f X) f*(+p x) e + 3 2lT fT a Td x 

r co 

(1 5) 

It may he noted that 

2 JJ S DR (f X) df d> 

~oo 

repr sents the ratio of the xpected value of the re eived 
energy and includes in it the antenna gams p th lo e s and 
average radar cross ection of the clutter target 

1 2 PAST HEX. AT ED WORx 

In th past some theoreti al models which a count for the 
statistical natur of the clutter returns are pronos d 
liegert [1^] Kerr [8 ] 1 son and Uhl nbeck [9] pre ented 

the first two pr hahility distnhution functions of th echo 
power elly and Derner [14] d v eloped a theoretical mod 1 of 
a haff cloud from \ hich they derived various tati tioal 
properties of the cho The signal return from the haff loud 
was considered as a random pro ess and the scatter rs ve^ 
treated a points with variahl cross sections Vantrees £33 
in his model derived an expression for the correlation function 
of the clutter returns The returns from the scattered m the 
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illuminated volume was as umed to const xtut a non homogeneous 
Poisson process The strength of the echoes and lela/s of 
the s atterers were con iderel as random variable 

Child ers and R ed f4J considered the clutter cloud as 
collection of point scatterers moving about and reflecting 
en rgy independently of one another The effe t of scatterer 
rotation and multiple s atterin were ignored Ampl tude 
reflection coefficient and the delay of the so tterers \ ere 
as umed to be random variables As in the prezious model 
treating th returns irom the catterers m the illuminated 
volume as a non homogeneous Poisson process the time varying 
correlation function for a radar back scattered noise pro ess 
va d^termxn d Subsequently an expressi n lor the po jer spe- 
ctrura vn obtained as uniing the clutter noise croces to be 
si at 1 onary 

In the model formulated by Wong Reed and Kapnelian [1 3 
it was assumed that cluttei loud l an ensemble of r ndom 
dipoles having linear and angular velocitie An expression 
for the time varying correlation function of the echo signal 
was derived m terms of the characteristics of th transmitted 
waveform polarisation and the distribution of the scatterers 
An expression for the power spectrum was obtained with suitable 
assumptions 

J W 1 right [2] determined the statistical characteristics 
of the scattering parameters such as R0*3 elevation error azimuth 
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error and the target phase of an air raft type target The 
target was d \7ided into a finite deterministic number of 
ellipsoids with varying r dar oro se tions The aspect 
angles of the ellipsoids were treat d as random proc ses 
to allow fluctuations of the target 

1 3 ORGATI ATI OR OP THL TPESIS 

In this thesis two models of clutter arc proposed and the 
scattering function is derived for each hnpter 2 consi ts 
of the first model m which the clutter cloud is treated as 
random dipol s with linear and ngular velociti s The round 
trip delays are consilered as random variables and the echo 
arrivals are assumed to constitute a non-homo^eneous Poi on 
pro ess With th se assumptions an expression lor the catt ring 
function in delay and doppler domain is obtained 

The second model is gi/en in Chapter 3 In this model 
the clutter cloud is considered as a collection of f mtc 
deterministic number of ellipsoidal scatt rers An expression 
for the voltage reflection coefficient is derived followed by 
the derivation of the scattering function 

The results of Chapter 2 and Chapter 3 are discussed upon 


and concluded in Chapter 4 


iPTER II 


ROTATING RANDOM DIPOLE SCiTTBRER MODEL 

In this chapter an expression for the cattenng 
function is derived wh re the clutter cloud is s uraed to he 
collection of r idom dipole The diooles arc a suraed to 
he random to reprc ent the random motions of the oh^ cts 
such as leaves branches etc under the effects of wind 
forces 

In Section 2 1 scattering function with delay and 
doppler variables is derived for a collection of random 
scatterers Section 2 2 consists of a detailed description 
of the model a derivation of the voltage reflection ooeffi 
cient of a dipole and the derivation of the scattering fun 
ction of the same model of clutter It also contains the 
evaluation of the cnttermg function vhere the random varia- 
bles of interest are assumed to be Gaussian Some of the 
experimental results are simnlated using the model of section 
2 2 and the results of the simulation are reported m Section 
2 3 

2 1 SCATTERING EUN^IOxI DERIVATION 

When a signal is transmitted by radar it is scattered 
by various objects m the illuminated volume which are called 
scatterers Therefore the returned signal at any tiae t 
is a sum of the echoes from a large number of scatterers If 
S^.(t) is the complex envelope of the transmitted signal the 
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complex envelope of the returned signal S (t ) is given by 




S r (t) = l Z (t -jl) S, (t t ) 


(2 11 ) 


3-1 


where is the number oi catt rers which cause an echo to 

arrive in the interval ( T T) and is assumed to constitute a 

non homog neous p oisson proce s with rate v(t) 7 is the 

J 

strength of the echo of the jth scatterer and is assumed to 

be a stationary random process with zero moan The processes 

Z Z for i /4 3 are assumed to be statistically independent 

Another assumption made here is that the round trip delays 

x q are random variable t s can be thought of as the 
t) J 

unordered delays of the scatter ers which give an echo in 
the interval ( T T) From the Poisson process a sumption 
given that It echoes have rrived in the interval ( T T) 
the un ordered delays x -\ r 2 T It are indepen- 

dent Since is a non homogeneous Poisson process they 
are assumed to hnv a common density function of the form 


f 


( T 



K) 


^ (t ) 



T 

j v(t) dt 
T 


(2 1 2 ) 


Since the scattering function should be evaluated in delay 
and doppler domain it 1 necessary to calculate the auto 
correlation of the returned ignal where the returned signal 
is a sum of the echoes from all those scatterers which 
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contribute to the same delay 1 e the random variables 

r j * 1 K should all take a single value say X m 

J 

the mterv 1(1 T) 

The probability that the random /an able t ta^cs a value 

J 

betv/e n(xX+dX)wher dX o i 


P x [X^T <X dX} = XL- hJ-i - X - (2 1 3) 

^ ( v(t) dt 

T 


Autocorrelat ion of the r ceived signal is 


R s ^ (t 0 t 3 ) I = E{ s r (-t a ) S£(t e )j 


(2 1 4 ) 


X < T -, < X + d x 
J V3 


X<t < X + d X 


I i [S Jtc) S v (tg)/N t = K ] 


k=o 


Pr E - It ] 


\ < T < X + dX 

hj 


(2 1 5 ) 


E{ 3 r (t a ) S*(t 0 )/N t K} 


X < + dX 

IC K T V J t 

{ l l 5 3 (ta- ~^(t e T /) i t (t a rp S^(t 6 xp/^-K) 

3 1 1-1 x < T ^ X + dX 


3 


ll ’*1 

(2 1 6 ) 


Since Z s are independent 
3 

eqn (2 1 6) reduces to 


ith zero mean V 


3 
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El s r (t a ) S£(t e )/<r t = K1 

x < T < X + 
d 

K 

= I LfC^tte, ^ 2 ) >(t S - 7 i jS t (t a T 3 )Sj(t 6 r 3 )] /\^}j 
3-1 X T < X + dX 

(2 1 7) 

K 

= l EtZ^ta \) *(t 8 ?)) ~^- X S t (t a -X)3^(tg X) 

o-l |v(t) dt 

T 

= KL (& (t a \) Z*(t -^)} 3 t (-ta X) S*(t g X) 

( v(t) dt 

i (2 1 B) 

where s are assumed to he identically di tributed 
d 

Assuming the process Z „ to he stationary 

D 

E{ r (,t a ) s*(tg)/ir t =K} ax - If R 2 (t) 3 t (t a -X)3*(t B X) 

jv(t) at (2 1 9) 

1 

Since 

lit E { S (t a ) S*(tg)/JJ t =K}| = E(i r (t a ) s^(t e )/ff t =K} ax (2 1 10) 
d X*>o | 

X ^ T ^ X + d* 

t) 

00 

R~ (t t A ) = R ( T ) S (t a x)S*(t B -x) I I Prtlft K } 

r jV V t)dt K=0 

-I 

= R~(t) S t (t a -x) S*(tg A) ^ 


(2 1 11 ) 
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because J k Tr [ I t =K] = J v(t) at (2 1 12) 

SO T 

Prom (2 1 11) the auto or elation of the proce s is R (^) 
Let B^Cr = R ( T ) v(x) (2 1 13) 

Then the normalized correlation function is 

R (T X ) 

x) - FTTTxT (2 1 14) 

X 

Therefore the nattering fun tion is given by 

(f X) - J g(t X) e -3251 fT ar (2 1 15) 

CO 

Random dipole model for radar clutter ; as miti lly 
uggested m f 1 J by J 1 /ong I S Reed et 1 m which an 
expre sion for the fluctu tion freouency spectrum was derived 
Tor the sane model in the present work a different and an 
easier m proach is taken to calculate the voltage reflection 
coefficient an expre sion for the scattering function m 
delay and doppler domain is denv d 

In this model it is assumed that the illuminated volume 
con ist of a collection of random dipole scatterers refle 
cting en rgy independently the cloud of scatterers h an 
overall drift velocity and the scatterers have diff rential 
velocities In addition to these it is also xssumed that the 
scatterers have rotational motion about an axis perpendicular 
to the dipole axis For land clutter rotational motion or 
equivalent movement of branches leaves etc under the 



effects of windforces is a ma^or contributing factor to the 
fluctuation of echo intensity which can not be neglected 
The rate of echo arrival depend on the local density of the 
loud of scatterers 

2 2 1 VOLTAGE KCFLT OTIOtf GOEFFIPIE IT 

To calculate the voltage reflection coefficient for s 
dipole whose axis is oriented parallel co the unit vector d 
in the target fixed coordinate system as shown m Fig (1) it 
is assumed that the dipole is rotating about an axis S which 
is perpendicular to the axis of the dipole The axis S is 
defined by the angle £ and n as shown Let (u v s) be a 
set of orthogonal xe uch that the plane u v i the same 
as the plan of rotation of tta dipole Therefore the trans 
formation bet teen the coordinate systems where ( \ 0 aid ^ 
are right handed angles about z ail the new x ax s respectively 
is given by 


a u' 


sin n 


cos n 


0 


r 

V 


sa 

cos £ 

cos n 

cos K 

sin ri 

sm 

C 


A 

a s 


sm £ 

cos n 

-1- sm £ 

sm n 

COo 

5 


A 

^t 


where h 0 ^ h ^70 (2 2 2) 

a a a are unit vector along u v and s r sp ctively 
u v s 

and 

i^ 3 ^. are unit vectors along x y and z respectively 




12 


Let {o r be the angular frequency of the dipole and a be 
the initial angle of the dipole with respect to the u sxis 
^hen the instantaneous position of the unit vector & is 
gi /en by 


d = a u cost// + a j m ^ (2 2 3) 

where 

^ - w r t + a (2 2 4) 

From (2 21) and (223) 


d = -x^ (sm n cos ^ + cos S cos n sir ^ ) 

A 

+ ( Q os n cos ^ co £ sm n sin ^ ) l ^ ( m £ m l > ) 

(2 2 5) 


1 Wien an HP signal is transmitted by the radar it produces an 
i el etne field at the dipole vhich induces a current m the 
dipole The dipole rcradiates energy due to the current 
indue d in it thus producing an electric field at th radar 
receiver 


Let E be the field incident on the dipole which is given by 
me 


me = E 0T e T 


(2 2 6 ) 


where is the magnitude of the electric field and e^, is the * a 
polarization vector 

If <J> o is the polarization angle with respect to th x axis 
e„ = i+ cos G sin 


(2 2 7 ) 
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The current den it y J inluced m the dipole is given by 

J 3 to o e o ( r 1) E OT (e T d) (2 2 3) 

v/here w is the freauency of transmission e is the permi- 

G 0 

ttivity of free space and e r is the relative permittivity of 
the medium 

The electric field produced by the dipole at a point which 
is at a distance r from the dipole is 

^ref “ n + grad (div ff) (2 2 9 ) 

where 

B ( ep ^ + itJ n w ) (2210) 

c w c 


P is the permeability of the medium and 

0 is the conductivity of the medium 

+ 

The Hertz vector II is given by [10] 


n d "w 

The operations 0 rad and div 

, * dn » A 3 A A 3 A 
grad A = V A » — x + — j 

div a ~ V A sa + 

From (2 2 8 ) and (2 2 11 ) 

D oj e 1 ) 

n c o 

4 TT (0 + J W G C ) 



are 



3 A 

z 

31T* 



v r 



(e T d) d 


(2 2 11 ) 


(2 2 12 ) 
(2 2 12 ) 


(2 2 13) 
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Rewriting (2 2 5) 

d as -l^Csin^ cos 0 + co *3 £ cosh sin 0 ) 

+ 3 ^ (cos n cos 0 cos £ sm n sin ^ (sm £ 

Let 

A a in n os $ cos £ cosrj am'/' 

B «= cosh cos0 cos £ sirni sm P 

C ~ sin £ sin \ p 

Then the unit vector d can he written as 
d « i^A + 

From (2 2 7 ) and (2 2 151 

d e m - A cos <() + B m d> 

T o v o 

Let 

K 3 s o^ e r 22 Eot 
4 it (a + 3 w e) 

V 

and 

KL » K( A cos 4> + 3 sin $ ) 

i o o 

Substituting (2 2 17 ) and (2 2 IB) in (2 2 13) 

vr 

1 = ^ V < H a + 3t B + k t C) 


m 0 ) 

(2 2 14 ) 

(2 2 15 ) 

(2 2 16 ) 

(2 2 17 ) 

(2 2 18 ) 


(2 2 19) 
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2 2 2 

Substituting r « N / x + y + z 


an 

^ x 


K A — 
*1 A 8 X 


. > / 2 2 2 
( v ' x +y +z 

~T~~ 2~~2 
x +y +z 


/ 2 2 2 

v/x +y +z 


K 1 A T " 2 — 7~77 

j (x +/ +z ) 


x( v — 


1 


2 2 2 
x +y +z 


lmilarly 


8TI 

Ty 1 


an 

I 

!T~z 


K 1 3 


K^C 


2 2 2 
v x +y +z 

- 2 — 2 — 
(x +y +z ) 


/T 2 “ ~2 
e v/x +y +z 

* 2 — 2 — 2 T 


/ c. C- C \ 

(x +y ) 


y( v - 


1 


/ 2 2 2 
/x +y +z 


z( v - 


1 


T Z 

x +y +z 




(2 2 20 ) 


Therefore 
d iv H » JC 1 


I 2 2 2 

e v 'x +y +z 

• n o ' 1 n ~~~ ~ \ V 

(x +y +z ; 


^ — — -)( xA + yB + zC) 

2 2 2 

X +y +z (2 2 21 ) 


grad (div S) = a -^(div I) i t + ~(div it) 3 t + 3 7 ( div 11 ) k t 


(2 2 22 ) 


9 

O A 


vr 

(div n) = 

r 



2 

x 





i 



(2 2 2 j) 


Similarly g~r (div 5 ) £ (div it) can be determined 

Prom (2 2 23) it can be seen that grad (div II ) contains only 
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^ and terms Hence grad (div n) 0 for large 
r r^ 

values of 


Ther fore s re f = -^ 2 JT = v 


Q - V 

TC —— ( 1 08 q +3 in 0 Q ) 

( i^A+j^.B+k^.f) (2 2 24) 


bh electric field received by the radar due to the 
scattering by the dipole is to ivea by 


E ^ E s cos 6 + sm 6 

rec x v r / v r 


(2 2 25) 


wh re (}> is the receiver polarisation with re pect to the 
y axi 


= v2 I A - 


( / cos 6 + B in <f ) (22 26 ) 

j o o 


? — v r 

Xy m v kB ( i cos <f. o + B in 4 > 0 ) 


From the above 


( epo j c + j au« ) D e Q (e r 1 )E ot g -vr 
4ir(a + 3 w c p ) r 

( A cos $ + 3 sin )(a cos <f> B sm 6 ) (2 2 27) 

o o r r 

Assuming the medium to be lossless and where the radar 


is monostatic 


0 =0 and » $ 

r o 


(2 2 28 ) 
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a P Dw/per 2 

"rec “ IC 2 E 0T - ( A cos (J „ + 3 sin <!>„) 


(2 2 29) 


where 


K. 


yw e (e _ 1 ) 
c o r 


(2 2 30) 


Radar cross section for the 3 th scatiercr is defined a 


°3 = It 4 u 

V 


3 


s 

J ref 3 


me D 


Prom (2 26) and t,2 2 1 9 ) 


^lncj ' = E 0T 


7 s 

A "l *** 


'reo 3 


K„ 1 


2 — OS. ( a cos $ + B sin $ )‘ 

r 3 D o 3 0 


Hence 


a s 4 it K? [ ( A cos $ + 3 sin <!> ) 2 J 

3 3 c j o 


(2 2 31 ) 


The voltage reflection coefficient is related to the R^S as 
given below 


V 


2 2 
G R 


3 (4-Tf; r 


TTT I ° 3 I 


(2 2 32 ) 


where V 
and X 




is voltage reflection coefficient 
is the radar wavelength 



ubstituting (2 £ 31) in (2 2 32) 



K 3 

rr ( A COS $ + B 

~£ *- 3 0 0 

3 


in <I> ) 2 
o 


\ here 


K. 


G- X uw e (e 1) 
c or 

(4 rr ) 


Therefore 


A 7 2 

V s — ( A CO 6 + B sin 6 ) 

3 r 3 o j o 

3 

where 3 is the random phase of th<* reflection 
incurrel m th reflection process 


It can be shown that 


2 

( cos $ + B sin $ ) 

J o 3 O 

= C(S 3 n 3 ) +u(e 0 n a )e ‘ ,2 ' t ’ 3 + l(C 3 n 3 )e 

v here 

p =(o t + a 
0 r 3 3 

r = i(<$ 2 n 2 oos 2 5 ) 

J 

u = (S + R cos 5 ) 2 

J 

L = x ( R cos 

R =» [cos (J> cos n + sm 4> m ru 1 

o 3 o J 

)5 =: i [cos b sin B - sin $ oos B ] 

k" 0 3 0 3 2* ^ ^ 

v 3 =-|[C(e ;) n a ) + u( 5 3 n 3 ) e 3 + I(C 3 

■ . 3 ..... ........ 


(2 2 33 ) 


3P 


coefficient 


’ 2 * 3 


j2 * 

V e 


3] 
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2 2 2 3 ATTIRING rUIJCTIOT DERIVATION POR THj_, RANDOM DIPOLE MODEL 

Let S t (t) "be the complex envelope of the transmitted sig 
nal Then the complex envelope of the received signal from the 
jth catterer can b /ntten as 

T (t ) 

r ^ ~ V 3 ^ —^ 2 — tj(t)) exp (o u c t^t) + jsj 

(2 2 34) 

where V (t ) is the reflection coefficient of the 3 th scatterer 
t (t ) is the round trip delay of the 3 th scatterei to is the 

o o 

carrier frequency and 8 is the random pha e incurred m the 
reflection proce s 

In the beginning of thi ection it was as umed that the 

scatterers have an overall drift velocity and also differen 

tial velocities Let v be the total velocity of the 3 th 

J 

scatterer in the radial dire tion The v locities of the 
soatterers in all the other di ection an be ne lected 
since their doppler contribution to the echo signal is very 
snail Therefore the ranp'e of the scatterer at time t is 
given by 

Y t} = r 30 Y (2 2 35) 


Round trip delay time Xj(t) implies that a signal received at 

time t -was reflect d from the scatterer at time (t - X (t)/ 2 ) 

D 

At that m tant the range of the scatterer was 
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r(t 


X 4 (t ) 

_J__) 


r - v (t 
po j 


A,(t) 

■V 


(t ) i 2 r 3 (t X p (t) /2) 

J o 


where c 1 the veloo ty of lifht 


rom the above two eqns 

2 r / (2 v / c ) t 

X 3 (t> = T+'-V'/o - TTTO- 

J J 

is uming that — -jf << 1 

2 r 2 v 

X (t ) - — -1 t - X 

3 c c j 


2 v 


-1 t 


(2 2 36) 


/ s uramg that the cloua of caterers is very far from the 
radar 

r 2 _ r 2 r 2 
k i o 

Ther fore 

IC 


02'w (t X (t) 

j . g j L ..,. 


s r (t)=-|~ [^(5 n ) + u(C n ) 

*1 r eJ J J J 

u o 

3 2 } w T (t X (t) 1 

- 1,(5, nj 0 L 3 + “a l 3 


•¥ 


3 2 


S + (t- X ) xp [ 3 w T (t) +33] 


o l p 


(2 2 37) 


Assuming P to be uniformly distributed in (0 2 " 1 ) if can 

he seen that 6 ha zero mean 

lhe total received signal at time t can he written as 

T. 


S r (t) - I s r (t) 

a 


(2 2 33) 


P-1 



21 


A unin 0 that J, 13 a non honogeneous Poisson process with 
rate v(t ) the fro ess 1 s+a+ionary an 1 A s are 

the unordered delays the autocorrelation of the re eived 
ignal which follo\ from (2 1 11 ) can he written as 


R (t a X )=R(l) v(X) S t (t a X) S'(tg X) (2 2 39) 

where 

K 2 ](2“ r (ti -i|-il) + 2a ) 

R 2 ^ t ^ X ) E { — ^ [ r (? n ) uU n ) e 

r o 

+ 3(2 “ r (t-T — + 2 a ) J 

+ L(g n) e 


+ 3(2 <o r (t + ?a ) 

[C (5 n) +u U n)e 

^ 3(2 w ("I ) + 2 w ) ]} 

+ I I? n) e r 1 


Pl3“ c 3 u 0 X (t)) 


and It s are assumed to he ui correlated and identically d s 
J 


trihut ed 


^-z p p 

r I n u / v_ \f I 


R~ (*fc ^ t A ) = jj { — ^ ^ r) ) | + ! J ri ) | G ^ 


|li 2 ( 5 n)| e^ 2 a) r T J exp(s u^t)} 

(2 2 40) 


2 10 V . 

where w - — — § — “* 
a c 


w v 

_JL_i <* 1 
c 


and 
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Therefore 

Tf 2 

Ji-Z CO 

r z (t) = HU P( w d ) P( w r ) P^ ) P(n) dw d dW r ^ dn 
r o w 

t I 2 (S n)| + | u 2 (e n) ( e +d 2 U v\ 

+ I I. 2 (S n) I e 32(1 r T ] exp(Du d x) ^2 2-11) 

where to r £ and n are a suned to be independent 

The scatterers can move to\ards or y from th radar 
along the lin of si/-ht i ith equal probability and with their 
velocity di tributions centred about + Let P(E) le the 

probability of the event ^ being positive and P(F) is the 
probability of the event being negative 

Since these probabilities are equal P(L) - P(l) = s 

let W d - x + » a 

F (0 d [<J d < “ d l = F 0J a / E < V (&)5 

+ ^ W a/I [0 a - V i2)] P(E) 

- r x E “a V + i r x t“a + V 

*H ( V = > P x (“ d %) + p x (“ a + V 
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. J r? t 

J Pi d (“ d ) e -4 J P,K “J e 


+ J V 


V' a a 


03 T 

J + e d % 


- oos(r d T 'Ja (T V 


(2 2 42 ) 


Assumin^ tnt each orientation of the rotation axis is 
equally probable 
« 2” tr n 


< X 2> = ; f X 2 s m£ d£ dn 


(2 2 43) 


o o 


where 7 2 repre ent | 2 (£ ri)| | ($ n)| and I L 2 (£ n ) | 

Prom the above (2 2 41 ) reduces to 
K 2 

H (T) = ~|[< <£> + < U 2 > «W r ( 2 T) +< IT> <>U r ( 2 T)J|JU d (T) OOS(«J d T) 

■*0 t i 

(2 2 45) 


where 


■>%(*) 


00 '100 T 

S p( w J e r ()■[) 

OO J- 


(2 2 46 ) 


Prom (2 1 15) and (<: 2 45 ) 


H (t X ) = “ r < 0 > + <0 2 > 4>w (2t) 
x ^4 r 

0 


+ < L ><>w r ( 2 t) 3 d (x ) oos(o> d t ) v (X ) 


(2 2 47 ) 
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Hence the normalised correlation 

function is 

g(t X) = [ <0^ +< <*,„ (2T) +< ( 2T)] 

< tf> r r 

4>w d (T) cos(w^t) (2 2 48) 

where < b 2 > = <C 2 +U 2 + L 2 > (2 2 49) 

Prom (2 2 48 ) the scattering function can be -written as 

S(f X) - J g(x X) e -32 * fT dx (2 2 50 ) 

CO 

2 2 3 S ATT SRI TG PUTGTIOH ^AL A ULATIOH TOR G-AJS^IA T ^ASE 

In sub section oattenng function is cal ulated 

assumin that the doppler frequen y and the angular 
frecuency (D r have Gaussian probability listnbutions 

Let 

2 

VQ ( w d ) — exp ( (w- -^d) / 2a d 2 1 ( 2 2 51 ) 

d / 27ra d 


and 

P{j (O ~ ~ — exp [(a) w ) /2a r ) (2 2 52) 

r / 2tto x x 


'P.. ^ 

“ d 

exp- ( ) 

, 2 2 . 
exp ( i o d x ) 

(2 2 53 ) 

+« ( T ) 

- exp (a to^x ) 

exp( * a 2 x 2 ) 

(2 2 54 ) 

r 





2 2 

2 


The values of 

< C > < U > 

and < £ > are 

calculated in 


[1 ] for the following pecial cases 1) linear tron rait 
linear receive 2) circular transmit circular receive 


^5 


3) orthogonal linear tran mit and receive 4) orthogonal 
circular tran m t and re^ ive They are given as follows 


r a e 

< r 2 > < 

: l? 

2 

< L 

V 

A 

O' 

ro 

V 

A 

2 

1 

1 

1 

1 

T5 

30 

90 

5 

o 

1 

1 

1 

2 

<L 

30 

2o 

20 

T5 

'Z 

1 

1 

1 

1 

3 

60 

40 

40 

T5 

A 

7 

1 

1 

2 

4 

60 

120 

120 

T 5 

Prom the 

above it can 

be seen 

theft 

< U 2 > = < L 2 

Substituting (2 2 53) 

aid (2 

2 54 ) 

xn (2 2 48 ) 


g (t X ) = [ < 0 > + 2 < 5 > exo( 2 c ^ t ) cosl2 w ^) ] 


cos( w ^^) e'vp ( ^ o^ t^) 


(2 2 55) 


2 2 2 
\ here > = <L > -< * 


3u d T 

The pilose factor e is suppressed "because it pltyig with 
«3 (jj c t \ 

e corre oond to the h^trodyrning of the received signal 

\ _ 

jith an o oil 1 at or of freauen cy (u> c + 


J O Q O O 

S(f\)-J [ <0 S+ 2 <sS eX p(-2 O^T^) 0 «,(2 w t)] 

■» < b > 

2 2 -3 211 fT 

cos(u,t) exp ( i ° d T ) e 3 t 

(2 2 56) 
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SECTION 2 3 LXA TILS 

In this ection some of the result simulated u mer the 
model discu sed. m previous section are compared vxth tho e 
obtained experimentally In the pa t e pcriments were 
conducted to obtain the freouency spectrum of po cr flu tua 
tions where the po jer ret irn P(t) v as treated a s r adorn 
process b cause of the random fluctuations of the scatterers 
The correlation function of the po ;er return le found to 

* e h] 

poo - ni Qisn -._£i! , g 2 (t) ( 2 so 

P Tt) (P; 2 

where g(t) is the cox elation function of the coho voltage 


p (r ) was d ternuned by the interpolation of the di crcte 
obs rvation and the pover pectrum which is the fourier 
transforn of p (t ) was olott d for comparison it is ipee 
ssary to find out p ( t ) from the results obtained m Section 2 
lrm (2 2 55) g(r) is given by 


g(x) 


•*-Uy c < P 2 > + 2< $ 2 > exp(-2 c 2 t^) cos(2w )] 

< b > r r 

cos( 5 ^ t ) exp V i a \ t2a (232) 


< C 2 > 


p(t) =[ — -gr^ + — ex P( 2 a r ^ oos( 2 w t) 3 2 
4 b> r r 


cos (w,t ) exp (> 


a d T 1 


(2 3 3) 
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s -j(f) = J P (t ) e 32 f T dx (2 3 4) 

S^f) in ecia (2 3 4) is simulated and is compared with a few 
power spectra oDtained experimentally 

In 1949 I! J Barlow [6] reported spectra for wooded 
hill ea ecoo rain clouds and haff m asured at a fr auency 
1 CRz According to Barlow lutter po ;er spectra c 1 he 
r presented by Gnu sian shaped curves 0 ^ the form 

-(f) = exp [ a ( f/f 0 ) 2 l (2 3 5) 


where f is th r^dar transmitter frequency and a 1 a 
o 

p rameter dependent on the rada^ target type In practice it 
was 0 ) erv d by 1 hbem Grav line et al that the po ; r 
spectrum does not b he G^u sian shape According to th n a 

simple expre sion that ^ives to ood agreement Jith their measured 
spectra for dceiduois foliage is 


p(f) 


1 

1 + (f/fy 3 


(2 3 O 


where f - 1 33 v 1S ^ in( j peed in 

c 

knots 


Bor their exp rinent on tree echo m 12-knot \ md Pi hbein 
Graveline et al used an x band coherent pulse rada^ \ ith 
horizontal polarization and the experimental results are shown 
by curve a m Pig (2) Ihe Gaussian shaped curve b 
illustrates the results calculated using eqn (2 3 5) Brora 



<w 



(gp) i3Mod 3AHD|»y 




fc ;r ‘ 


i' Fig 2 Power spectrum ODtamed with nn X band radar to 

mecsuremen* 
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Tig (2) it can be clearly s en that the Gaussian ^ d 
curve falls off fa ter at higher frerruencies than d es the 
experimental cur ve 11 the result are simulated fo linear 

polarization and the simulation i done by trial an) error 

EXAIIPI iL 1 

Here an attu pt is made to simulate results predict d by 
L J Barlow In Pig (3) curve a b are the results reported 
by E T Barlo i and th curves a b illustrate the si minted 
results Th parameters for th curves a and b are as 
follows 

■^or th curve - a 

idean value of th doppler shift - w ^ - 5 5 rad/sec 
Variance nf the dopple^ shift = a £ - 0 15 rad/ ec 
ilean value of the angular freau en^y =24 rad/s c 

Variance of the angular frequency a r - 1 2 rad/sec 

Por the curve b 

13 3 rad/ sec 

C £ - 10 9 rad/sec 

S’ =110 rad/ s c 
r 

s 90 rad/ sec 

Prom Pig (3) it can be seen that the simulated results do 
not fall off fast at higher frequency This is m upport of 
the conclusions made by Pishbien Therefore it can be inferred 
If hat th simulated re ults are in agreement with the experimental 
results 
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EXAiIPLE 2 

In Tig (4) curve a illustrates the experimental results 
reported in [9] It show the spectra for the echo of eh af 

ut for = 10 cm as measured on \ - 9 2 cm The data 

o o 

were taken 3 mm after the chaff was dispen ea from a low 
nov in blimp The r suit of simulation re ho m by the 
curve b and the value of parameter i simulation are 

= 15 5 rad/sec 

0 ^ - 16 0 rad/ sec 

= 1 5 0 rad/scc 

a - 20 rad/scc 

EXAitPLE 3 

Simulated result of the model suggested by J L Wong 
I S Reed t al ctre shown by curve - b m Fig (5) n urve - a 
repres nts th experimental results and curve c lllustrrl es 
the ^imulat d results using the pre eat mod 1 In [ 1 3 the 
positive and negative velocities of the scatterers ^re not 
con idereJ From the Fi^ (?) it can seen that the cur /e o l 
closer to the curve a than the curve - b 

In all the above three examples it was seen that the 
results simulated using the model sugge ted xn this work 
are closer to the experimental result obtained than the 





g 5 function frequency spectrum for ground clu^ cr 
terram at wind speed 50 mph 
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previous models The simulation v/as don by trial and error 
method Better results c m be obtained by using gradi nt 
method ox minimum mean sauare estimate 


^HaPTER III 


ELU n TU \TING ELLIPSOID Air SCATTERER 
MODEL 

In Chapter 2 an expre sion for the cattenn function 
was derived for an ensemble of random number of point 
seatterers whose returns follow a non homogeneous Poisson 
distribution In this chapter an attempt is made to derive 
the scattering function for an extended elutter target which 
following the model sugge ted by the work of J W ty lght [ 2] 
is treated as a finite collection of suitably located ellipsoidal 
seatterers with varying cross sections A detailed description 
of the model along with the derivation of the scattering 
function is given m Section 3 1 Section 3 2 contains the 
calculation of the scattering function for a sped 1 case 

3 1 1 DESCRIPTION OP THE MODEL 


As m f 2 ] the illuminated volume of the seatterers l 

divided into a finite number of ellipsoids Each ellipsoid 

is associated with a suitable modulating function to take care 

of the irregularities in shapes and also to account for the 

shadowing effects A point on the surface of an ellipsoid 

which has the direction cosines same as those of the line of 

sight and which is m the same quadrant as the line of si 0 ht 
representative 

is hosen as the/pomt of the ellipsoid The radar cross 
section of the representative point (henceforth referred to 
as specular point) is equal to the of the ellipsoid cal- 
culated at the specular point The advantage of choosing 


JURA 


r it. 
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ellipsoids and repre enting each of them by a single point 
1 that a large number of catterers in the ellipsoid are 
repre ented by a single point thus making the effe«tive 
number of eatterers m the illuminated volume a finite 
number 

Three coordinate systems re chooser to de oribe the 
ellipsoids First is the radar fixed coordinate system 
(res) second is the target fixed coordinate system (t c s) 
which is parallel to the first and the third is the local 
coordinate system (1 c s) The transformation b twcei the 
fir t two coordinate systems is linear and therefore the 
aspect angles of one with respect to the other are equal 
The 1 c s i the ellip id ovm coordinate system with it s 
centre c xnoid ith that of the llipsoid Th axe of 

the 1 c s are th axes C the ellip old 


T he vectori 1 repre ent tion of th<=* thr e co rdinate 
m 

systems^Fig (6) is as follow 


“ V + V + V 

= i t x + o t y + h 7 


°i p “ 1 i x i + 3 i y i + Vi 

o?t- Vo + Vo + Vo 

¥r 1 t x ti + Vti + Vti 


(3 1 1 ) 
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The relationship between the t o s and res is given by 


X 


~X X 1 


' 

0 

y 

ts 

y y 0 

z 


z z 



L oj 


(3 1 2 ) 


To allow for arbitrary orientations of the ellipsoids we 
consider translational and rotational transformations of the 
t c s to obtain the 1 c s After an initial translational 
transformation to the centre of the ellipsoid two rotational 
transformations are followed by such that the axes of the 
i c s coincide with the axes of the ellipsoid In the 
rotational transformation the axes are rotated initially 
by an angle ^ about the z axis and then by an angle j. 
about the ne/ y axis The coordinates of a point an the 
target fixed coordinate system and the local coordinate 
system are related by 


V 


X 

x tl 


= [ T ] 

l 

y 


.v 


z 

z tl. 


wb re 

■ cos 4 ti cos 8 ta 

sin ^ ti 003 ®ti 

Bin 

r ^T~ 

-p 

CD 

t TJ = 

sin $ tl 

cos 4*^2 

0 



cos « u sin 8 tl 

sin Bin e tl 

CO 3 

8 ti 

*** 


L 


(3 1 4 ) 
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where an & 0^.^ are right handed angles and the sub 

script 1 mlieates the ith 1 c s 
LIST OS' SYMBOLS 


res 
t c s 
1 0 s 

(x o y o z o } - 

^ x tl 

z tl^ 

(x y z ) - 
(x y z) 

(x i y i z i> - 


e <j> 
e li hi 

0 (b 
1 y l 

9 tl ^tl 


b. c, 
ill 

M i 

R 1i R 2 i 


V 

l 

a 

l 

v 

i 


radar fixed coordinate system 
target fixed coordinate system 
local coordinate system 
origin of the t c s in the res 

origin of the 1 c s m the t c s 

coordinates of a point in the res 

coordinates of a point in the t c s 

coordinates of the specular point of the ith 
ellipsoid in the 1 c s 

aspect angles of the res m the t c s 

aspect angles of the centre of the ith 1 c s 

m the t c s 

aspect angles of the ith speeular point in the 
ith 1 c s 

describe the transformation between 1 c s and 
t c s 

distance between the centre of the res and the 
centre of the t c s 

semi axes of the ith ellipsoid 

modulating function of the ith ellipsoid 

Radii of curvature of the ith ellipsoid at its 
specular point 

voltage reflection coefficient of the ith seatterer 

RCS of the ith seatterer 

linear velocity of the ith seatterer 



35 


T ^ delay of the ith scatterer 

X c transmitted wave length 

o velocity of light 

TOTH ith specular /is referred to as the ith scatterer 
3 1 2 DLTERMI TAT 10 T Or THE VOI/TAGE REFLECT IOX OCL^FICIE fP 
The RCS of the ith llipsoid is giv n by 12] 


S 1 Wi 

where M is the modulating function of th ith cllip old 
and R 2l are radii of curvature of th ith ellipsoid 
at its pecular point r e cal ulate the coordinates of the 
specular point and the pr duct of the radii of curvature as 
below 


Let 


2 2 2 

F^ (x y z) - -pr~ + + ^7 - 1*0 


(3 1 6 ) 


he the equation of th ith ellipsoid v/ith s mi axes T> 
and o The normal to the ellipsoid at (x^ y is given 

by 


2 x 


2y 


2 z 


If g 1 l x + “ST 3 i + “ST k i 

d i \ c i 


(3 1 7) 

From the above the direction cosines of the normal are 
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cos i x = -y~ 

a i r 


■> , 

COS O 


\ r 


(3 1 8) 


where 


cos 6. 


c r 
i 


JL . X 

1 + "? 


The direction cosines of the line oi sight m the target 
coordinate system are 


cos 6 - sin 0 cos <> 

A 


cos 6 » sm 0 sin <!> 

u 


(3 1 q) 


COS 6 - cos 9 

a 


But th direction cosines of the line of sight in 1 c are 


cos <$ x * sm 9 ^ cos <fr 


os 6 « sm 9 sm 4>. 

Jr XX 


(3 1 10) 


co 6„ = oob 6 

Z 1 


where 



37 


r 

sm 

e 

i 

cos 

£ ~ 
i 


sinQ 

cos 

♦] 

sm 

0 

i 

sin 

$ 

i 

- IT 1 

l 

sin 0 

sm 

<)> 

cos 

0 

i 




cos 

0 

- 


The normal to the ellipsoid at the specular point hould have 

the same direction cosines as the line of si^ht and should 

he m the same quadrant as the line of lght Prom the 

above equations the parametric angular coordinate and v 

s s 

of the specular point are oltained as 


1 

v „ -tan { — tan £ } 
si a, l 


(3 1 12 ) 


u sl = t-m 1 { — (tan a 2 cos 2 1 + bj sin 2 ~\ } 


R 2i as given m [ 2 ] is 



where 


a 2 r 

1 

^2_ 

3 SV 

2 

3 r 

i 

3? 

1 

M# 

3ic 

JL 

3x3y 

3x3 z 

w 

3 2 F 

1 

2 

3 

2„ 

ifi 

9 r ! 

& xby 

2 

a y 

3y3 z 

Ty 


2 

3 

l 

2 

l!i 

9x3 z 

ayaz 

— 7r - 
3? 

3 z 

, 9? i 

3P i 


0 

&x 

TJ 

' 3z 


3P : 

'•rsr 


2 


ith sc cul r point 


(3 1 1 ;) 



38 


Hence x R 2l - + -j + -|) 


'ii2 


a i 1 °i 


(3 1 14) 


where (x^ z 1 ) arc the coordinates of the sp cular 

point m the 1 c and they are determined by equating 


1 B) 

and 

(3 1 

10) 

2 

a 


(] 

H 

X 

a i 

sin 

U S1 eos v si 

i 

p 

sm 





l 

b2 


«<J 

H 

II 

b i 

sm 

u si 31n V S1 

1 

X 

1 

sm 

il 

H 

c 

i 

cos 

u 

SI 

2 

C i 

a P — 
1 

cos 


(3 1 15) 


U -n 2 2 2 Q V, 2 2 q 2 A 2 2n 

where P., = a, sin 9 cos <?, + b sin 0 sin v , + c cos 

ii ill l ii i 

(311) 

Prom the above it can be seen that 9 and <J> are also fche 

l i 

aspect angl s of the ith specular point 

S the BPS of th ith ellipsoid is determined f^om 
(3 1 ;) (31 14) and (3 1 15) 


\ " M i* R 1i K 2i 


„ 2.2 2 

M i * a i \ C i 




(3 1 17) 


To derive th scattering function it is also necessary to 
d termn th phase of the scatt red electromagn tic field at 
the r ceiver Th relative phase difference b tveen tin 
reflected electromagnetic waves of two scatt erers is to iven 
by 


4 7T 


58 X*~ ^ R- 


where A R, is the difference in range 
i 


(3 1 18) 
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The phise of the el etric field scattered by the ith scattercr 
can he determined by usin 0 the target coord mat centr as 
the reference point Usm this 


A u = R - x 1 sin0 cos{> y 1 sin0 sin£ z 1 cos 0 

(3 1 19) 


where R Q is the distanc between the radar and the target 
coordinate systems R is the distance bet en th ith spe 
cular point and the res and x 1 y^ z 1 denote the coordinates 
of the specular point in t c s 


Prom (3 1 18) and (3 I 19) 

a “ To f ■" X " L sxrre oosO y 1 smO sm<|> z 1 cos 0 ] 



X 1 ' 

t 

- W 
Sill 6 COS 0 

4 IT 

\q 

y 1 


sin 6 sin 3 


1 

Z 


COS 0 


* 


- 


Prom (31 3) 


r 

X 

1 

r * 
x i 


' x ti 

1 

y 




^tl 

1 

,Z 


a. 


N 

H- 

H 

l 


therefore 




>\V 


x tl 

t 

/ 


r .*1 
sinB 00 s 4 

y ti 

( 


sm9 sm 4 




cos 9 

l tx J 



** * 
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Since [ T ] is an orthogonal matrix 


-rrj 




Hence 


r - 
x i 

t 

~ 

sm 0 cos $ 


— 

X t! 

[t 

sin 0 

COS 0 


<• y 

1 

j 


sm0 sin<*> 

+ 

^t 1 


sm© 


- 

IN 


cos © 


^tl 


cos© 


J 


Fron (3 1 11) 


a - i 

1 Ars 1 


Vv 


-ft 


lr 


4 tt 


sm 0_ 
i 

COS 

1 

- 

fx “ 
x ti 


^mQ 

COS (J) 


sin 0 

sin <p ^ 

+ 



smO 

in ^ 

■ 

cos 0, 

l 



~ z ti 


cos 9 




** 






\ + yj_ 

sm 0 

sm <$> ^ 

+ z ] 

L cos 

e H + 


(x^ 1 sin 6 cos<> + y. sm© sm<}> + z^ x cos 9 )] 

Sul tituting for x^ y z from (3 1 15) 

A " r 1 , 2 2 ^ , 2 
[ r - 0\ sin 0 cos ^ + -b 


a - ~ 

i ~ Ac L P 


sm 


® sin 2 $ + c 2 cos® ) 


+ (x^ sm 9 cos + y^ sm 0 sm <P + cos 9 ) ] 


Prom (3 1 16) 


4tt 

a = ~ 

l X c 


[ p, + (x. sine cos<?> * y^ x sm© sint + z tl cos© )] 

(3 1 1 Ja) 


Therefore the reflected fiell from the ith scatte~er ha a 

D<*, 

phase dep nden e e relative to the target coordinate system 
The voltage reflection coefficient of the ith scott rer can be 
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calculated using the H S of the sane The relationship 
between the above two is given by 

■ 2 . 


v 


2 2 
C X * 

c 

(4ir) 5 nf 


(3 1 20) 


Prom (3 1 17) a is 


a i 

therefore 

I V 


2 2? 

M 3 ir b^ 0* 

1 1 ” *“ 


Pi 


(3 1 21) 


G X M 
c 1 

83 ^7r;-v 

; t 


(4ir)-" ~ r: 



(3 1 22 ) 


By taking into account the phase term and assuming that the 

scatt erers are very far from the radar such that R 2 » R 2 - R 2 

3-3o 

V* 

V may then be expre ed as 


s/l 

V 


G X 


SiTR 


7 


a h c a (a +B) 
M — i — e 1 

1 T iC- 


(3 1 23) 


0 1 

m which we have also associated a random phase shift & with 
the reflection process 

3 1 3 DirRXVAffXOJff OP THE SCACTLRI JG FUNCTION 


The scatterers under the effects of wind forces have 
linear and rotational mov meats If the wind velocities are 
large the movement of the scatterers causes variations in 
the echo signal which can not be neglected In the present 
model to account for the random motions of the scatterers it 
is assumed that the ellipsoids have random fluctuations about 
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their mean positions and linear velocities v x along the 
line of sight This implies that the local coordinate 
system has random fluctuations and consequently and 
are random processes The size of the ellipsoid is also 
a sumed to change randomly thus rnakin the sem axes a h 
and c random processes Then 


Vt) = 


Cr X 


8 IT R 


a (t) b (t ) 

Mil 




c^t) 3 [ a 1 ( t ) 


?pt) 


3 } 


(5 1 ?4) 


let f(t) be the complex envelope of the tran mitted signal 
then th complex envelope of the echo signal from the ith 
sentterer is given by 


S n (t) 


V (t 
1 


X, (t) 


•) f(t 


\(t)) 


a wcX i (t ) 


+ 33 


(3 1 Zj) 


yhcre is the carrier fr quency and ^(t) 'the round trip 
delay 

X x (t) as given in (2 2 36) is 

2 (3 1 Z6) 


where v xs -do itive if the scatterers are moving towards 
1 

the radar 
Substituting 


S (t) = 


V* - 


Xj( t) 




xpt) 


33 


(3 1 27) 


eqn (3 1 25) reduces to 


S rl (t) a X x (t) f(t X x (t)) 


(3 1 2B) 
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Assuming that random phase 3 is uniformly distributed in 
(0 2 it ) it tan be seen that the process x^t) has ero mean 

Assuming that there are K seatterers whose echoe arrive 
with the same delay X the total received signal \ ith the 
delny X is 

K 

x ) l ^(t) f(t x.(t)) (3 1 29) 

2 v 

where X, (t ) « x„ 1 t 

i x c 

and 

X, as X 1 

Then the autocorrelation of the received signal with the 
delay x is 

R" (t a t 3 X ) =E{S r (-t a X ) Sj (t, X)} 

K K 

= h n l x i( t a) x*(t 3 ) f(t a X^)) ?*(t 3 x a (t e ))} 

1=1 (3 1 30) 

Prom (3 1 30) the autocorrelation function of the process x 
with the delay X is 

X r 

V f a I x i (t a) )> (3 1 31) 

i 1 3 1 

Assuming that the scatter rs reflect energy independently and 
since the x (t)s axe zero mean random processes the above 
reduces to 

X 

V*- % X) “I B{x i (t a ) X i (t & )} 

i 1 


(3 1 32 ) 
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j ( x (t) is stationary 

I 

f x (t X) = I E x 1 (t) (3 1 33) 

1-1 


Then the normali eel correlation function o f the proce x i 
given by 


R x (t x) 

f(r X ) = it^yj 

Irom (3 1 34) the scattering function 

» j 2 nf T 

S(f X) - { g( T x) e dr 


3 2 SAMPLE 


(3 1 34) 

(f X) l giv n by 

(3 1 A) 


In this section to illustrate the procedure des rib a 
m Section 3 1 with mor detail a peoial ca e of th no 1 el 
3 con idered ind an expression for th scattering function 
is evaluated for the sane 


Her it is assumed that the ellipsoids are fluctuating 
in size lone the y ax 1 hut their size is constant along the 
x and / i e h i (t) is a random process and a x (t) 

o (t) arc constaits 


let a x (t) « <\(t) - 
and 1^ - 1 

It is tl o assumed that 4> tl - 0 

and ^ - 0 


2 1 ) 
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c s 


‘ ‘ “ e y 01 *»»*«. « the , of the ! 

" I “* Uel ¥l « **■»«*». th. 

matrix [ ] is as given below 


[T i ] = 


oos e tl (t) 
0 


sm 9 tl (t) 

riom (5 1 11) 


0 sin e ti (t)] 

1 0 

o oose t (t)J 


(3 2 2 ) 


* ^ 
sm 0 (t ) cos $ (t) 


r 

oos e tl (t) 

0 

■ 

sm 0 i . l (t) 

in Q 1 (t ) sm <f> (t) 


0 

1 

o j 

cos 0 (t ) 


_ sm 6 ti (t) 

0 

cos 0 tl (t ) 





(3 2 3) 

ience 





sm 0 (t) oos $ 


nn(e ti (t) 

+ 0 ) 


sm 0 (t) sm $ 

i (t ) 

* 0 


(3 2 4) 

cos 6 1 (t) 


= Cos^^ct) 

+ 0 ) 



From (3 1 16) and (3 2 4) 
P (t) a 


(3 2 5) 


Ihen the Coordinates of the specular point are 
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2 
a i 

x i = ' ? 2 ( t ) 9ln 0 i (t) ° 0S a i sxn< 6 ti C-fc) + 9) 

.2 

y i " Z77TT sin 6 1 (0 Sin * (t) 0 (3 ? f) 

2 

Zl = 008 ^ a i oos(e u (t) +0) 

i'rora the above the distance from the centre of the 1 c s to 
the specular point is 



Prom (3 2 7) it can be inferred that the fluctuations of the 
ellipsoids about y axis alone do not have any effect on R 

Rewriting (3 1 19a) 

a (b) — [P (t) + x, (t) sin 0 cos <t> + 

A Q 

sinO sm<*> + z^Ct) c °s6 ] (3 2 3) 

Substituting for P^(t) from (321) and (3 2 5) 

ct, (t ) * — E a, + x, (t ) sinO cos $ + z. (t ) cos 0 ] 0 2 9) 

i % 1 1 1 wi 

A C 

In the above (x ti 7 tl z ti ) is the centre of the 1 o s This 
does not change vath fluctuations in 0 tl Th refore the 
phases of the returns froin the specular point are uneffe ted 
by the fluctuations m 0^ can be written as 

x ti (t) = R ti (t) Sln9 li cos<f, li 

Z ti (t) = 00S 9 U 


(3 2 10 ) 
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■whero R u (t) is the distance between the centres of 1 
t c s and is given by 

= 7^ 2 i (t) + y t 2 i (t) + v (t > 

°li ^li are aspect angles of the centre of the 1 c 
m t c s 

Substituting (3 2 10) in (3 2 9 ) 


“i (t) = a i+ R ti (t) aine u cos ^ sin 0 + ^(t) 

+ R^Ct) cos 0 1 cos 9 3 (3 2 

Since 1 ho ellipsoids are assumed to have linear velocities 
along the line of sight 

R ti (t > - v°> - V 

.Therefore 

»X „ 

x,(t) = 2_ — 

8 it R 


, X (t) X ft) 

? ty — 2 — ) exp[ j ~ { a 1 + R t 1 (t — 2 — 


(sinO sm 0^ 1 cos + cosQ cos 0-^)} — d w c A^t) 
Assuming that v << c j 

and substitubing c.j « sin© sin G^ i cos $ ^ + cos® cos 

^ 0- A X _ (t ) Vi 

x, (t) « ^rr b.(t — 2 — ) ex P t ^ a i + ^ R ti^ + — ST^ C 1 


8 ttR‘ 


o 


- D V X x + J 3 + 




2 v 


°1 v i t + 3 w c -c“ At) 


and 


ii) 


) 

+ 38 J 

) 


(3 2 12) 
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B is the random phase incurred m the reflection proce s 
A turning 0 to he uniform in (0 2 tt) it can be seen that the 
process x (t) has zero mean 

The autocorrelation of the process x (t) is given by 


**i (k a %) - E{^(t a ) xpt g ) } 

y x^ x (t ) ^ (t ) 

« 9 T,_ E { b (t/Y m 1 1 )b~^ (to * — ~ry~ -St- ) 

8 TT R 1 1 

0 

2 v 

E { exp [ 3 ~ c 1 \{\ tg) + 3w 0 — (t a - tfj ) ] } 

(3 2 13) 


where IS (t) is independent of the rest of tie random quantities 
in the above equation 


Assuming b (t) ' to stationary 

E{ b x (t a W) b * (tp _ hiV )} _ ^ (X ) (3 2 14) 


where t = t. 


^2 2 
G A 


8ub tituting c 9 « — p and- 

^ 8 rf R i 


2 n) A 
c i 


(1 + Cl ) (3 2 15) 


Erom the above (3 2 14) reduces to 


R x yW c 2 V (t) E < exp[ + 3 “d i (jt)J } (3216) 

The gcatterers can move towards or away from the radar alone 
the line of Sight with equal probability with their velocity 

distributions centred about + 
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Therefore from (2 2 42) 


L E e 


Therefore 


jb.JO 


] COS(u dl T ) <%J dl ( t) 


(3 2 17) 


V (t c<* V = °2 \i ( t) # « ai ( t) oos( “di T) (3 2 13) 

Trotn the above it oan be seen that x^Cfc) is a stationer process 

1 %,(t) = c 2 V( T > %i ( cos( “di T) (3 2 19) 

Trora (31 33) 

IC K 

B^T X) = l - l ° 2 V T) * W di ( T) Cos(S di T) 

1=1 1-1 (3 2 20) 

The,/eorr elation function of the process x is given by 


(3 2 22 ) 


, . v H X (T (3 2 21) 

g(t x ) = ft (6--n 

A 

Irom (3 2 20) and (3 2 21 ) j 

K 

g<T X) - I Bfo(T) ^41 ( T) 008 (W dx t) (3 2 22) 

1=1 

and the scattering function is 

“ , ,S a 2 * fT a (3 2 23) 

S(f X ) - J g( T x ) 0 dT 

00 

Thus the cattenng function can be calculated for other 
models with a procedure similar to the one described above Jor 
the scattering function to exist the assumptions on tho random 
nature of various parameters should be made appropriately 


(3 2 23) 



CHAPTER, IV 


CONCLUSIONS 

In this chapter the r suits obtained m Chapter 2 and 
Chapter 3 are summarised and some suggestions for urther 
work in this area are made 

This thesi has attempted to provide a statistical 
characterization of clutter in terms of the catteiing 
function foi two models of clutter returns Chapter 2 eon 
tains the first model m which the scatterers are modelled 
as random rotating dipoles \ ith an overall drift velocity 
and dif! rential velocities An expression for the s attenng 
function is derived by calculating the voltage reflection 
coefficients of an ensemble o± dipoles tfith a non homogeneous 
Poisson distribution An attempt has been made to gen rate 
a few scatt nn b function which compare favouxably some 

of the reported results 

Chapter 3 consi ts of a model in which th clutter tar- 
gets axe assumed to be a collection of ellip oidal cattcr rs 
with varying cross ections The ell ipso d~ are as umed to 
fluctuate in size and also about their mean positions A an 
i llu fc rat ton an expression for the scattering functi n is 
obt lined for a relatively simple geometry and asoect angle 
fluctuations 
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To evaluate the adequacy of the models for clutter 
considered m this the is it is necessary to generate 
scattering functions by extensive simulation for a \ade class 
of parametrically described probability distributions and 
compare them with experimentally obtained sc tterm functions 
on a more systematic basis than has been attempted here 

As clutter statistics are well kno m to exhibit non 
stationary tatistics it is also desirable to examine 
whether these models can be used to generate uch tatistics 
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